ABSTRACT. Effects on diets with reduction of crude protein and methionine + cystine (RCP) and protease supplementation (PRO) for laying hens at different ages and their influence on the internal quality of eggs at different conditions (STO) and storage times (TM) are evaluated. Four hundred and twenty eggs from commercial Hy-Line W36 laying hens collected at 32, 44 and 58 weeks of age were used. Experimental design was completely randomized in a factorial scheme 3 x 2 x 2 x 2: RCP (control, enhancement of one and two times the enzyme protease), PRO (with and without protease), STO (room temperature and refrigerated) and TM (14 and 28 days), with seven replications of one egg per experimental unit. The factorial scheme 3 x 2 x 2 was used at 58 weeks of age, because TM could not be evaluated. The percentages of egg weight loss, Haugh unit, albumen percentage, percentage and yolk index were evaluated after each storage time. RCP and PRO had no effect on internal egg quality whereas eggs under refrigeration preserved their internal quality regardless of the different storage periods.
Introduction
Eggs are low-cost food which, due to their high nutritional value, provides all essential nutrients that the human body requires. Since they are of animal origin, they are highly perishable with continuous loss of quality. Quality is also affected by management, environment, feed and other factors directly linked to laying hens, such as strain, lineage, diseases and age (Barbosa, Sakomura, Mendonça, Freitas & Fernandes, 2009; Moreng & Avens, 1990) .
Protein in laying hens´ diets is one of the most costly nutrients in diet preparation, albeit highly important for poultry´s performance. However, when used above the requirements, it not only raises costs but also increases nitrogen excretion in the environment (Brumano et al., 2010; Yu, Wu, Liu, Gauthier & Chiou, 2007) . Due to low cost availability of synthetic amino acids, reduction in crude protein levels is possible without any decrease in performance and in egg quality. Further, the use of exogenous enzymes in diets has become a strategy in diet formulation featuring decrease in nutrient levels and their improvement. The enzyme protease completes the production of endogenous peptidases and Acta Scientiarum. Animal Sciences Maringá, v. 37, n. 4, p. 373-379, Oct.-Dec., 2015
reduces the levels of the diet´s crude protein and energy (Cowieson & Adeola, 2005) since it guarantees a greater efficiency in the use of enzymes and neutralizes the ingredients´ antinutritional factors. Deteriorated internal characteristics of eggs may be perceived by their physical quality, although several internal and external factors, such as nutritional value, taste, smell, yolk color, palatability and external aspect are difficult to determine. Loss of quality mostly occurs at high temperatures since their chemical and physical reactions increase. Protein in the thick albumin is degraded due to the activities of enzymes which hydrolyze the amino acid chains. The protein structure is destroyed and water bonded to the great protein molecules is released (Moreng & Avens, 1990) .
Although fresh eggs are excellent, the maintenance of their chemical and physical characteristics on the market for commercialization is a challenge. Egg processing in Brazil, a tropical country, occurs on farms and the eggs reach the commercial outlets at room temperature when they should have been refrigerated at 10-13°C and relative air humidity of 70-85%, immediately after laying (Barbosa et al., 2009; Moreng & Avens, 1990) . Further, since the refrigeration of eggs is not mandatory, it constitutes a negative point in egg quality. Eggs are normally refrigerated by the final consumer (Figueiredo et al., 2011) . So that the benefits provided by eggs are enhanced, costs with feed should be decreased and storing strategies for a longer shelf period at each age should be undertaken, without diminishing their performance.
Current assay evaluated the effects of deceasing crude protein and methionine + cystine and protease supplementation in the diets of commercial laying hens at different ages on the internal quality of egg stored in different conditions and at different stocking periods.
Material and methods
Procedures in current assay were approved by the Committee for Ethics in Research -CEP/FZEA/USP, Process 14.1.541.74.0.
The experiment was conducted in the Laboratory of Poultry Breeding of the Faculty of Animal Science and Food Engineering of the São Paulo University (FZEA/USP), with 420 eggs from commercial HyLine W36 laying hens harvested at the end of Phase I (32 week old), Phase II (44 weeks old) and Phase III (58 weeks old) to evaluate their internal quality.
Eggs from laying hens, 32 and 44 weeks old, were distributed in a totally randomized experimental design within a 3 x 2 x 2 x 2 factorial scheme, covering the following factors: RCP -reduction of crude protein and methionine + cystine (control, valorization of one and two times the protease enzyme); PROprotease (with or without); STO -storing conditions (at room temperature or under refrigeration); TM -stocking period (14 and 28 days), with a total of 24 treatments, with seven replications of one egg per experimental unit. The eggs of 58-week-old laying hens were distributed in a factorial scheme 3 x 2 x 2 for factors RCP, PRO and STO, with 12 treatments, seven replications of one egg per experimental unit.
Crude protein and methionine + cystine levels were valorized by preparing control diet (composition and calculated nutritional levels) without the inclusion of protease in each production phase. The periodically revised data base of digestibility assays provided by the manufacturing firm was used to determine the nutritional value of the enzyme in the substrate, following a decrease of levels through the calculation of the protease´s nutritional matrix (Table 1) . Giampietro-Ganeco et al., 2012) during the stocking period between 14 and 28 days. Eggs were stored at room temperature on the bench of the Poultry Laboratory of the FZEA/USP, and the other eggs were refrigerated in a common fridge on the same premise. Means of temperature (T°C) and relative air humidity (URA) were registered daily, during 4 weeks, by a thermo-hygrometer close to the eggs stored at room temperature and under refrigeration (Table 5) .
Eggs were collected at random at the end of each production phase, weighed (EW, g) one by one in a 0.001 precision scale and distributed at random in cellulose pulp trays with a capacity of 30 eggs. They were then conditioned in different storing conditions. After each stocking period, the eggs were analyzed for internal quality taking into account the following characteristics: loss of weight in percentage (LW, %); Haugh unit (UH); albumin percentage (AP, %), yolk percentage (YP, %) and yolk index (YG). CP -Positive control; CN1 -Negative control with less one time the valorization of the enzyme protease; CN2 -Negative control with less two times the valorization of the enzyme protease; CP + protease -CP with 120 ppm protease; CN1 + protease -CN1 with 120 ppm protease; CN2 + protease -CN2 with 120 ppm protease. ¹methionine hydroxy analogue (MHA): 88% methionine. ²Feed Guard ® : Ethoxyquin, BHT, TBHQ and Citric Acid. ³Supplementation of minerals and vitamins per kg of product: Copper (minimum) 0.024 g; Iron (minimum) 0.15 g; Manganese (minimum) 0.21 g; Zinc (minimum) 0.15 g; Iodine (minimum) 3.6 mg; Selenium (minimum) 0.6 mg; Vitamin A (minimum) 9,000 U.I; Vitamin D3 (minimum) 3,000 U.I; Vitamin E (minimum) 15 U.I; Vitamin K3 (minimum) 2.4 mg; Vitamin B1 (minimum) 2.1 mg; Vitamin B2 (minimum) 6 mg; Vitamin B6 (minimum) 3 mg; Vitamin B12 (minimum) 12 mcg; Niacin (minimum) 0.0375 g; Pantothenic acid (minimum) 0.0165 g; Folic acid (minimum) 0.6 mg. CP -Positive control; CN1 -Negative control with less one time the valorization of the enzyme protease; CN2 -Negative control with less two times the valorization of the enzyme protease; CP + protease -CP with 120 ppm protease; CN1 + protease -CN1 with 120 ppm protease; CN2 + protease -CN2 with 120 ppm protease. ¹methionine hydroxy analogue (MHA): 88% methionine. ²Feed Guard ® : Ethoxyquin, BHT, TBHQ and Citric Acid. ³Supplementation of minerals and vitamins per kg of product: Copper (minimum) 0.024 g; Iron (minimum) 0.15 g; Manganese (minimum) 0.21 g; Zinc (minimum) 0.15 g; Iodine (minimum) 3.6 mg; Selenium (minimum) 0.6 mg; Vitamin A (minimum) 9,000 U.I; Vitamin D3 (minimum) 3,000 U.I; Vitamin E (minimum) 15 U.I; Vitamin K3 (minimum) 2.4 mg; Vitamin B1 (minimum) 2.1 mg; Vitamin B2 (minimum) 6 mg; Vitamin B6 (minimum) 3 mg; Vitamin B12 (minimum) 12 mcg; Niacin (minimum) 0.0375 g; Pantothenic acid (minimum) 0.0165 g; Folic acid (minimum) 0.6 mg. 4 Inert matter: washed sand.
PP was obtained by the difference between initial and final weight of eggs at the end of the stocking period. The result was divided by initial weight to calculate data of weight loss in percentage.
The eggs were broken on a smooth and clean surface to analyze their internal quality. UH (Haugh, 1937) was determined by measuring albumin height with a caliper and then calculated by the equation: UH = 100log (H + 7.57 -1.7W 0.37 ), where H = height of albumin and W = weight of the entire egg. The albumin was weighed on a 0.001 precision scale and the value obtained for the final weight of the entire egg multiplied by 100 gives AP.
YP was calculated by the relationship between yolk weight and the weight of the entire egg; result was multiplied by 100. Height and diameter of the yolk CP -Positive control; CN1 -Negative control with less one time the valorization of the enzyme protease; CN2 -Negative control with less two times the valorization of the enzyme protease; CP + protease -CP with 120 ppm protease; CN1 + protease -CN1 with 120 ppm protease; CN2 + protease -CN2 with 120 ppm protease. ¹methionine hydroxy analogue (MHA): 88% methionine. ²Feed Guard ® : Ethoxyquin, BHT, TBHQ and Citric Acid. ³Supplementation of minerals and vitamins per kg of product: Copper (minimum) 0.024 g; Iron (minimum) 0.15 g; Manganese (minimum) 0.21 g; Zinc (minimum) 0.15 g; Iodine (minimum) 3.6 mg; Selenium (minimum) 0.6 mg; Vitamin A (minimum) 9,000 U.I; Vitamin D3 (minimum) 3,000 U.I; Vitamin E (minimum) 15 U.I; Vitamin K3 (minimum) 2.4 mg; Vitamin B1 (minimum) 2.1 mg; Vitamin B2 (minimum) 6 mg; Vitamin B6 (minimum) 3 mg; Vitamin B12 (minimum) 12 mcg; Niacin (minimum) 0.0375 g; Pantothenic acid (minimum) 0.0165 g; Folic acid (minimum) 0.6 mg. 4 Inert matter: washed sand. 
Results and discussion
There was no difference (p > 0.05) between treatments in results of intake of daily diets per hen for all the production phases analyzed (not shown). Means were lower than those given by the handbook but performance and egg quality of the hens were not affected. Therefore, poultry exigencies were met with even with reduced levels of crude protein and methionine+cystine, with or without the inclusion of protease.
Tables 6, 7 and 8 presents results of the internal quality of the eggs for weight in natura, weight loss (in percentage), Haugh´s Unit, albumin percentage, percentage and index of yolk, according to age. Means followed by different letters in each column and in each factor differ by Tukey´s test (p < 0.05). *There were significant interactions (p < 0.05) between factors and the development of treatments is given in the text.
The stocking factor for the analysis of eggs of 58-week-old laying hens was not taken into account since there was total loss of albumin and yolk quality in eggs maintained for 28 days at room temperature. Consequently height and diameter could not be measured. Therefore, eggs stored at room temperature and refrigerated eggs for 28 days were not taken into account. Means followed by different letters in each column and in each factor differ by Tukey´s test (p < 0.05). *There were significant interactions (p < 0.05) between factors and the development of treatments is given in the text.
Weight of egg in natura
There were significant interactions (p < 0.05) with regard to the factors storing conditions and protease, in which in natura eggs of laying hens fed on protease had low weight, regardless of storing conditions. There were interactions (p < 0.05) between the factors decrease of crude protein and methionine + cystine and protease. Lower weight occurred with the evolution of interactions eggs of laying hens plus protease and diet valorization.
Further, eggs of 44-week-old laying hens revealed differences (p < 0.05) when there was a decrease of crude protein and methionine + cystine and protease. Eggs with greater weight were provided by laying hens fed on control diet and one time the valorization of protease and without the inclusion of the enzyme. There were differences (p < 0.05) for the factors protease and storing conditions for eggs derived from 58-week-old laying hens. Eggs of laying hens fed on diets without protease weighed more; similarly, eggs stored under refrigeration.
Weight loss of the egg
There were significant interactions (p < 0.05) between storing and stocking conditions in eggs from 32-and 44-week-old laying hens. The eggs stored under refrigeration had the lowest percentage in weight loss when compared to eggs at room temperature, regardless of the storing period. The lowest loss rate occurred on the 14 th day (not shown). High temperatures enhance weight loss in eggs stored at room temperature due to an increase in transpiration which causes great loss of CO 2 and H 2 O to the environment and thus a decrease in the initial weight. Weight loss increases as storing period is prolonged. Barbosa et al. (2009) also reported similar results when they stocked eggs up to 35 days, derived from different poultry strains and at different storing conditions. There was a linear PP decrease related to PA reduction during the storing period. Similarly, Freitas et al. (2011) registered lower PP rates when they stored egg in a fridge (10°C) and in a cold chamber (3°C).
There were significant interactions involving storage conditions and protease in eggs from 58-week-old laying hens (not shown). Means revealed that at room temperature eggs from diets supplemented with protease had a lower weight loss (3.94%) when compared to eggs from diets without any supplementation (4.26%).
Haugh Unit
Classification by the United States Department of Agriculture (USDA) which prepared the USDA Egg-Grading Manual was employed to discuss UH data. The handbook which classified UH rates according to the principle that the higher UH, the better is the egg, provides the following classification: AA (excellent) = rates above 72; A (high) = rates between 60 and 71; B (inferior) = rates lower than 60. Ranking is simple and is greatly used by the poultry industry since it was introduced by Haugh in 1937. There were differences (p < 0.05) for storing conditions and stocking for eggs from 32-week-old laying hens. The factor storing conditions had a positive effect for refrigerated eggs, with excellent ranking, whereas eggs at room temperature ranked as high quality eggs. In the case of the factor stocking, in spite of the fact that eggs stocked during 14 days had a better UH average, average rates were classified as excellent for both periods.
There were significant interactions in the factors storing and stocking conditions. Eggs at room temperature had lower UH rates (14 days = 69.37; 28 days = 62.14), classified as high quality, whereas eggs under refrigeration (14 days = 94.38; 28 days = 87.82) were classified as excellent, regardless of the stocking period. The two types of storage decreased egg quality over time (result not shown).
There were significant interactions (p < 0.05) between the factors storing and stocking conditions for eggs of 44-week-old laying hens. Results were similar to those with 32-week-old hens (not shown). Barbosa et al. (2009) also reported that due to interaction decrease in UH was worse for eggs at room temperature (without control). The same authors showed a decrease of 1.48 in UH for each day of stocking of eggs of the strain Hy-Line.
The factor storing conditions and protease had significant interactions (p < 0.05) for eggs of 58-week-old laying hens. Eggs at room temperature, classified as high quality, were jeopardized when compared to refrigerated eggs with excellent quality, whereas the inclusion or not of protease in the diets failed to show any effect (not shown). The development of the stocking period coincided with the decrease of the albumin height and, consequently, of UH rates. Albumin weight loss caused loss of weight in the eggs.
Eggs stored under refrigeration kept good mean UH rates throughout all the ages evaluated. Similarly, Figueiredo et al. (2011) demonstrated the positive effects of refrigeration for the conservation of the internal quality of eggs during stocking.
Albumin percentage
There were interactions between the factors decrease of crude protein and methionine + cystine and storing conditions for egg of 32-week-old laying hens. Refrigerated eggs had a higher PA especially when combined with the control diet (not shown). In the case of eggs of 44-week-old laying hens, there were differences (p < 0.05) for the factors storing and stocking conditions. In fact, the highest AP was obtained by refrigerated eggs and eggs stocked for a lesser period. In the case of eggs of 58-week-old laying hens, there were significant effects (p < 0.05) for the factor protease, in which diets without the enzyme had the highest AP rate, probably due to their great weight in natura. Figueiredo et al. (2011) reported that albumin in eggs kept at room temperature lost water fast, with the consequent decrease of albumin weight and loss of weight of the egg. On the other hand, Freitas et al. (2011) failed to report any difference in AP and YP for eggs at room temperature (26°C), fridge (10°C) and cold chamber (3°C) in different storing periods (7, 14 and 21 days).
In current analysis, storing conditions at room temperature for longer stocking periods revealed an increase in AP due to the fluidification of the albumin and thus loss of egg quality (Moreng & Avens, 1990) . The dissociation of carbonic acid (H 2 CO 3 ), one of the main components of the albumin buffer system, occurs and forms H 2 O and CO 2 throughout the storing period. The reaction is accelerated at higher temperatures since physical and chemical reactions occur that degrade the structure of protein in the thick albumin. The product of the reactions is the water bonded to the great protein molecules that cross to the yolk by osmosis (Barbosa et al., 2009 ).
Yolk percentage
There were significant interactions (p < 0.05) between the factors storing conditions and protease in the eggs of 32-week-old laying hens. Eggs refrigerated had a low YP, regardless of inclusion (28.04%) or not (27.56%) of protease in the diets of laying hens (not shown).
The factor storing conditions for eggs of 44-to 58-week-old laying hens was significant, with higher YP rates for eggs kept at room temperature. The stocking factor for eggs of 44-week-old laying hens and the factor protease for eggs of 58-week-old laying hens showed differences through a higher YP rate in the 28-day analysis and for eggs from diets with protease, respectively.
Increase of yolk percentage was caused by the acceleration of physical and chemical reactions that degrade the structure in the thick albumin, with water (one of the reactions´ product) crossing to the yolk by osmosis and thus weakening the vitelline membrane. In fact, it becomes flattened and bigger when broken on a plane and smooth surface, causing an increase in weight and percentage.
Yolk index
There were significant interactions for storing and stocking conditions for eggs of 32-and 44-week-old laying hens, with better results when eggs were refrigerated for 14 days of stocking and compared to those maintained at room temperature for 28 days (not shown).
The factors storing conditions and protease were significant for eggs of 58-week-old laying hens. Average highest rates occurred when the laying hens were fed on diet supplemented with protease and when eggs were stored under refrigeration.
Conclusion
Decrease of crude protein and methionine + cystine and supplementation by protease in the diets of laying hens do not influence diet intake and the internal quality of the eggs.
During the stocking period, the maintenance of eggs at room temperature triggers a great loss of weight due to the fluidization of the albumin with greater yolk percentage, liabilities for the yolk index and Haugh´s unit.
The above situation is very similar to the commercial conditions. Although damage is unavoidable over time, storing of eggs under refrigeration is a highly relevant factor for the conservation of the internal quality of the eggs.
